The nematodes of the genus Baylisascaris are common intestinal parasites of sables (Martes (M.) zibellina kamtschadalica Birula, 1916) on the entire territory of Kamchatka peninsula. Partial sequences of Cox I mitochondrial gene were used for molecular characterization of these nematodes, which confi rmed the identifi cation based on morphological data as B. devosi Sprent, 1952 . Phylogenetic relationships of this Baylisascaris species were also inferred from the ITS rDNA and LSU rDNA sequences. SEM images were provided for taxonomically important morphological features.
Introduction
The studies on the parasites of Kamchatka sable (Martes (M.) zibellina kamtschadalica Birula, 1916) were started more than 80 years ago (Petrow, 1930) . Then, the representatives of Ascaridoidea were found along with metastrongylid and dioctophymid nematodes. According to the contemporary taxonomical views and in concordance with the opinion of Wilkie (1930) , these ascaridids were identifi ed as Ascaris columnaris (Leidy, 1856) . Sprent (1952) described new species of ascaridids from the fi shers and martens as Ascaris devosi. Discovered ascaridids of sables were described in several monographs and papers covering parasites of Mustellidae of the USSR (Kontrimavichus, 1963 (Kontrimavichus, , 1966 Kontrimavichus & Skrjabina, 1963; Kozlov, 1977) , where the same binomial, Ascaris columnaris, was used. At that time Sprent (1968) had established for the ascaridid parasites of predatory mammals and rodents a new genus Baylisascaris Sprent, 1968 with type species Baylisascaris transfuga (Rudolphi, 1819) , where he had transferred 'Ascaris devosi'. Kontrimavichus (1969) accepted the new genus and proposed to consider as Ascaris columnaris (Leidy, 1856) only parasites of skunks, having agreed that ascaridids of mustelids are to be considered as Baylisascaris devosi Sprent, 1952 . Though this opinion was supported by Mozgovoy & Shakhmatova (1973) , the specifi c binomial Ascaris columnaris was used in Russian literature for the ascaridids of sables during some time (Tranbenkova, 1987) . The genus Baylisascaris Sprent 1968 includes eleven valid species of intestinal parasites of mammals. Apart from Baylisascaris tasmaniensis Sprent, 1970 from marsupials (Sprent,1970) and Baylisascaris laevis (Leidy, 1856) from rodents (Sprent, 1968) , all remaining species were found parasitizing carnivores: pandas (Xie et al., 2011) , bears (Perez et al., 2016) , kinkajou (Tokiwa et al., 2014) , skunks, raccoons and various mustelids: badgers, fi shers, sables, wolverines (Sprent, 1968) . Sprent (1952) had demonstrated that 2 nd stage juveniles of B. devosi swallowed by mice moulted with the formation of 3rd stage juveniles and encapsulated in the muscles of these paratenic hosts. The predation by carnivores on paratenic hosts with encapsulated B. devosi juveniles resulted in the development of mature nematodes in the intestinal tract of a defi nitive host. The possibility of the direct invasion of a defi nitive host with mature eggs of B. devosi was also demonstrated (Sprent, 1953 Sprent, 1952 . Clear biogeographical pattern in B. devosi prevalence in the area was revealed: it is increasing from the South-West of the peninsula toward its central and north-eastern (mainland) part of Kamchatskii Krai (administrative region). While the prevalence of the B. devosi invasion in Ust-Bolsheretsky (52° 48' N, 156° 17' E) and Sobolevsky administrative districts (54° 17' N, 155° 57' E) was on the level of 1 -2 % of the sables examined, it reached approximately 12 -13 % in Ust-Kamchatsky administrative district, 27 % in Milkovsky district (54° 40' N, 158° 38' E) and 29 % in Karaginsky district (59° 55' N, 162° 07' E). The intensity of infection also complies with the same geographical patterns: when in the majority of administrative districts it ranged between 1 -12 specimens per infected host, the intensity values amounted to 55 specimens in some sables of Milkovsky district. Only single B. devosi specimens were observed in sables from Olutorsky and Penginsky administrative districts (located outside of Kamchatka peninsula on the Siberian mainland). Morphological differences between recognized Baylisascaris species of predaceous mammals are not so clear-cut, but accumulation of sequence data for ascaridids provides a possibility to elucidate unresolved problems of the genus taxonomy. Molecular data are available in the NCBI GenBank for several species of the genus Baylisascaris. For B. devosi from Canadian wolverines, the only available sequences were that of CoxI mtDNA. The aim of this study was to provide morphological and molecular data for Baylisascaris nematodes of Kamchatka sables, to confi rm their morphology-based identifi cation and bring new sequence data for phylogenetic analysis of the genus.
Material and Methods
The sables M. zibellina were obtained from hunters throughout the Kamchatka Peninsula. Frozen animals found in traps were hunter-skinned after removing from traps and frozen carcasses (37 -116 carcasses were obtained from each administrative district) were sent to the Kamchatka Branch of the Pacifi c Institute of Geography, Far Eastern Division of the Russian Academy of Sciences for examination (temperature of transportation was always below 0°С). After thawing, the sable carcasses were dissected and the nematodes were collected from the gastro-intestinal tract under low magnifi cations of dissecting microscope. For the morphological examination of an apical view, anterior body ends 2 -4 mm long of several specimens were cut off and mounted onto temporary slides in glycerin. The shape of denticles of the edge of lips was examined under a compound light microscope (magnifi cations x200 -x400). The values of mean±SD (range) were obtained for taxonomically important measurements. The Baylisascaris devosi specimens originating from two localities on the Kamchatka Peninsula were used for the study, viz. Ust-Kamchatsky and Milkovsky administrative regions. One adult female and one adult male nematodes from each locality were selected for the study under a scanning electron microscope (i.e. totally two males and two females). Anterior and posterior ends of nematodes were dehydrated through a graded ethanol series and acetone and then dried to a critical point. Specimens were coated with gold/palladium and examined with a scanning electron microscope JSM-6380LA (JEOL, Tokyo, Japan). For DNA extraction, the nematode specimens fi xed in 70 % ethanol were rehydrated overnight in autoclaved water. About 2 -3 mm long fragments of a gonadal tube were excised from the nematode specimens used for the examination under a scanning electron microscope. DNA extraction was conducted according to the approach of Holterman et al. (2006) . The worm-lysis solution (950 μl of mixture of 2 ml of 1M NaCl, 2 ml of 1M Tris-HCl, pH 8 plus 5.5 ml of deionized water plus 10 μl of mercaptoethanol and 40 μl of proteinase K, 20 mg/ml) was prepared immediately before DNA extraction. Gonadal tissue was transferred to 25 μl of sterile water and after addition of 25 μl of worm-lysis solution the tube was incubated at 65 °C for 90 min. The tubes containing the homogenate were then incubated at 99 °C for 5 min to deactivate proteinase K and 0.8 -1.2 μl of homogenate was used as PCR template. PCR reactions were performed using Encyclo Plus PCR kit (Evrogen®, Moscow, Russia) according to the manufacturer's manual. Primer pairs HCO2198 (5'-TAA ACT TCA GGG TGA CCA AAA AAT CA -3') and LCO1490 (5'-TAA ACT TCA GGG TGA CCA AAA AAT CA -3') were used to obtain partial sequence of mitochondrial CoxI gene (Folmer et al., 1993) . PCR cycling parameters included primary denaturation at 94 °C for 5 min followed by 34 cycles 94 °C for 45 s, 41 °C for 30 s and 72 °C for 1 min, followed by post-amplifi cation extension at 72 °C for 3 min. Another pair of primers JB3_F (5'-TTT TTT GGG CAT CCT GAG GTT TAT -3') and JB7GED_R (5'-ATC AGG ATA ATC CAA ATA YTT WCG WGG -3') was used to amplify 650 bp long 3' portion of the same CoxI gene of mtDNA (Bowles et al., 1992; Derycke et al., 2010) . PCR cycling parameters included primary denaturation at 95 °C for 5 min followed by 35 cycles of 94 °C for 45 s, 56 °C for 60 s and 72 °C for 70 s. A pair of primers LSU391 (5'-AGC GGA GGA AAA GAA ACT AA -3') and LSU501 (5'TCG GAA GGA ACC AGC TAC TA-3') were used to amplify a 1100 bp long sequence of D2D3 expansion segment of LSU rDNA (Nadler et al., 2000) . PCR cycling parameters included denaturation at 95 °C for 4 min, followed by 35 cycles of 94 °C for 30 sec, 49 °C for 30 sec, and 72 °C for 70 s.
Several pairs of primers were tested for the amplifi cation of ITS rDNA region of these ascaridids. Stable results were obtained with A -apical view of anterior end, female; B, C -the row of denticles on the lip, female; D -structure of separate denticles on the lip surface, female; E -cuticular structures around male cloacal opening; F -postcloacal papillae near the male tail end. the use of the primer pair: Vrain_F (5'-TTG ATT ACG TCC CTG CCC TTT -3') and AB28 (5'-ATA TGC TTA AGT TCA GCG GGT 3') proposed before for amplifi cation of diverse groups of nematodes (Vrain et al., 1992; Joyce et al., 1994) . PCR cycling parameters included primary denaturation at 94 °C for 5 min followed by 35 cycles of 94 °C for 30 s, 52 °C for 35 s and 72 °C for 70 s. The obtained 1050 bp long amplicon contained partial 18S rDNA, complete ITS1 and 5.8S and partial ITS2 rDNA. PCR products were visualised in agarose gel and bands were excised for DNA extraction with Wizard SV Gel and PCR CleanUp System (Promega, Madison, USA). Samples were directly sequenced using the same primers as used for primary PCR reactions. The sequences were combined and aligned using the ClustalX program after the addition of sequences from the GenBank ( Thompson et al., 1997) . Subsequently, the sequences were edited using the Genedoc 2.7 program (Nicholas et al., 1997) , to prepare a fi le for the analysis in MEGA5 (Tamura et al., 2011) . Phylogenetic trees were obtained with different methods (MPmaximum parsimony, NJ -neighbour joining and ML -maximum likelihood) and pairwise nucleotide differences were calculated.
Obtained sequences were deposited in GenBank (KX646394 for the CoxI mtDNA sequence obtained with HCO2198/LCO1490 primers and KX682028 for the CoxI mtDNA sequence obtained with JB3_F/JB7GED_R primers; KY465505 for the ITS rDNA sequence (partial 18S, ITS1, 5.8S and partial ITS2 rDNA) and KY465564 for the partial LSU rDNA).
Results
The examination of the studied Baylisascaris devosi specimens from Ust-Kamchatsky and Milkovsky did not reveal any signifi cant morphological and molecular differences between sites and all the available material was considered as conspecifi c and homogenous. Baylisascaris devosi was a dominant helminth species in Karaginsky district constituting about 60 % of all intestinal parasites of the sables. The female body length of Kamchatka B. devosi is 126 ± 2.9(78 -168) mm (n=33) and the male body length is 85 ± 4.4.6 (58 -140) mm (n=20). The anterior end of B. devosi is divided into three lips (Fig. 1A) , with a stomatal opening situated between lip bases.
The lip margins around the vestibulum of the stomatal cavity are armed with the row of denticles (Fig. 1B -D) . The denticles on the lip margin have triangular appearance under a light microscope, however under a scanning electron microscope they look rather as rounded elevations of the cuticle with a sharp tip and a wide basal part (Fig. 1D) . The posterior end of several B. devosi males showed the presence of spikes on pre-and postcloacal fi elds (Fig. 1E) . Genital papillae are scattered on the subventral part of the body both in pre-cloacal and post-cloacal parts of the male posterior end (Fig. 1F) McIntosh, 1939 (HQ671081) , were more divergent with nucleotide differences in 45 and 46 bp, respectively. The data for more Baylisascaris species are available in NCBI GenBank for another part of CoxI mtDNA (which is closer to 3' end of this gene compared with the fragment amplifi ed with HCO2198 and LCO1490 primers). To obtain such a sequence for Kamchatka's B. devosi, the primers JB3_F and JB7GED_R were used. Though the total length of the obtained sequence was 520 bp, only the 378 bp long alignment of all available sequences was constructed for the shorter length of sequences deposited for several species. Kamchatka Baylisascaris devosi was found forming the strongly supported clade on the phylogenetic tree with several haplotypes of Canadian B. devosi (Nemeth, Tannis, 2014) and occupying basal position in this clade under all methods of analysis (Fig. 2) (Fig. 2) . The pairwise differences in the CoxI mtDNA sequence under comparison displayed the hiatus in the level of intraspecifi c and interspecifi c differences. Thus, the difference between numerous studied haplotypes of B. schroederi as well as between 8 haplotypes of Canadian B. devosi accounted for 1 -4 bp. The Kamchatka's sample of B. devosi differed from Canadian ones in 5 -7 bp. Apart from the pair 'B. ailuri -B. transfuga' with the difference in CoxI mtDNA sequences of 11 bp, the majority of Baylisascaris species differ in 15 -31 bp. The addition of two nuclear loci of Baylisascaris devosi to the analysis supported its close relationships with B. potosis (Fig. 3) . In both analyses the nucleotide difference between these two taxa was minimal one between studied Baylisascaris species: 4 bp in ITSrDNA (407 bp long alignment) and 2 bp in LSU rDNA (687 bp long alignment) sequences, correspondingly. 
Discussion
Up to now, the taxonomical identifi cation of the ascaridids of Kamchatka sables was based on morphological features only. Two features, considered as important diagnostic characters (Sprent, 1968) of the genus Baylisascaris were observed: the presence of papilla-like sensory structures on dorsal and subventral lips and two areas (pre-and postcloacal) of the modifi ed cuticle covered with small spikes in males. The traits as the number of papillae in subventral precloacal rows in males, the eggshells with tiny pits, triangular denticles on the lip margins with the base width exceeding its height and anteriorly displaced vulvar opening (situated at 38 % of body length from anterior extremity) also support the identifi cation of these ascaridids from Kamchatka sables as the members of Baylisascaris genus. This morphologically based identifi cation was supported in our study by the molecular data showed that Canadian Baylisascaris devosi from volverines Gulo gulo L., 1758 were the most similar to the material from Kamchatka in the CoxI mtDNA sequence. It is worth to mention that according to the phylogenetic analysis of partial CoxI mtDNA, B. devosi formed the well supported clade with B. potosis described from the captive South American kinkajou (Tokiwa et al., 2014) . The similarity in nucleotide sequences of three loci was congruent with the morphological similarity of these two species displayed in the similar distribution of postcloacal genital papillae, as well as the shape and number of denticles on the lip margins. This clade of B. devosi + B.potosis was clustering with two other species of the genus in the well supported clade consisting of B. columnaris (Leidy, 1856) from skunks and B. procyonis from raccoons. It can be stated that all these species originate mainly from predaceous Musteloidea of the New World. Therefore, it can be assumed that the speciation events for this group of Baylisascaris mainly happened in Americas, and the presence of B. devosi in Kamchatka is a result of the later westward expansion. Post-glaciation expansion of Musteloidea in North America might be one of the factors infl uencing such westward transfer of parasites (Koehler et al., 2009) . According to the analysis of three studied DNA loci, three species of Baylisascaris: B. ailuri from the
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Baylisascaris devosi Kamchatka, Russia red panda, B. schroederi from the giant panda and B. transfuga (Rudolphi, 1819) from the different Ursidae cluster together (Xie et al., 2011) . These species are reported mainly from Eurasia and it can be presumed that at least some speciation events happened on Asian mainland. The average nucleotide difference between Baylisascaris species was on the level of 14 -31 bp in the partial CoxI mtDNA (about 4 -9 % in the 359 bp long alignment); about 2 -18 bp in LSU rDNA (0.2 -2.6 % of the 687 bp long alignment) and 4 -35 bp in ITS rDNA (1 -9 % of 407 bp long alignment). The differences between Baylisascaris species and representatives of the Ascaris, Parascaris and Toxascaris genera were about twice bigger, with the exception of CoxI mtDNA alignment, where the difference between Ascaris and Baylisascaris species was on the same level (30 -36 bp) as interspecifi c for the latter genus. Large ascaridids like Baylisascaris are not easy objects for morphological observations, as its thick, dense body prevents the examination of inner structures. Molecular data can serve as a decisive argument in the identifi cation of species. The genus Baylisascaris is also an inviting object for the studies in evolutionary parasitology, as even incomplete phylogenetic data demonstrate the complicated host specialization and geographic expansion of these nematodes. No molecular data are yet available for two species with deviant biology: B. tasmaniensis from marsupials and B. laevis from rodents. Together with the B. melis from badgers these three species await molecular studies to be used in the analysis of sequence data. The level of DNA polymorphism in the most widespread species of Baylisascaris is yet another important direction of study. E.g., the reported intraspecifi c variability in B. transfuga from bears is exceeding some interspecifi c differences within the genus and it will be both interesting and helpful for the genus taxonomy to estimate the level of nucleotide differences between populations from different areas and hosts.
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